Sex-related and racial variations in orbital floor anatomy by 노태석 et al.
Copyright © 2020 Korean Cleft Palate-Craniofacial Association
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/ 








The involvement of the orbital structure in craniofacial trauma 
is not unusual, and its rate was reported up to 40% [1]. In most 
of these cases, there are major changes to the anatomy of the 
orbital floor, and it may contribute to an increase in the volume 
of the orbit [2]. Medial wall fractures often occur with fractures 
of the orbital floor, particularly in the transition point between 
the two bony structures. Such fractures may lead to restricted 
horizontal and vertical movements of the eyeball. Accurate re-
construction and reposition of the injured orbital anatomy be-
comes critical in such cases as post-traumatic deformities could 
lead to severe complications (e.g., loss of visual acuity, vertical 
strabismus, and diplopia). Enophthalmos and loss of sensory 
perception on area innervated by the infraorbital nerve also can 
be presented as sequelae [3].
Due to advances in surgical techniques and diagnostic imag-
ing, computed tomography (CT) is now the gold standard for 
precise three-dimensional (3D) anatomical measurement and 
planning required for orbital reconstructions. CT imaging has 
been used to create anatomical models that serve as templates 
for bone grafts and 3D titanium mesh implants [4,5]. However, 
due to the complex structure of the orbit, with its characteristic 
S-shaped craniocaudal rise in the inferior wall and retrobulbar 
bulge formed by the medial wall, accurate reconstruction of the 
orbital floor remains a surgical challenge [6].
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because of its complex three-dimensional shape. The purpose of the present study is to under-
stand normal orbital floor anatomy by investigating its differences across four groups (Caucasian 
American and East Asian, males and females) via facial bone computed tomography (CT).
Methods: A total of 48 orbits in 24 patients between 20 and 60 years of age were evaluated. Al-
though most patients underwent CT scanning following trauma, the orbital walls were intact in 
all patients. Linear and angular measurements of the orbital floor were obtained from CT images. 
Results: Orbital floor width, length, angle between the orbital floor and medial wall, and distance 
from the inferior orbital rim to the lowest point of the orbital floor did not show a statistically sig-
nificant difference between groups. Angles made by the infraorbital rim, the lowest point of the 
floor, and the anterior border of the infraorbital fissure were statistically significantly wider in East 
Asian females than in male groups. The floor depth in East Asian females was significantly small-
er compared to all the other groups.
Conclusion: East Asian female population had smaller curvature and depth of an orbital floor 
than the other groups, which means racial and sex-related differences should be considered in 
the orbital floor reconstruction.
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There have been attempts to understand normal orbital anat-
omy through CT, but measurements in most of those studies 
had been made under the assumption that the orbital wall is flat 
[7,8]. Furthermore, no studies have assessed racial variation in 
these measures. Thus, the present study assessed sex-related 
and racial variations in the orbital floor anatomy to contribute 
to knowledge on variations in the 3D morphology of the orbital 
floor.
METHODS
A retrospective review including patients, ranging from 20 to 
60 years of age, who had visited Yonsei University Severance 
Hospital and undergone facial CT scans between January 2017 
and December 2019 was performed. Twelve East Asian (EA) 
and 12 Caucasian American (CA) adults (six men and six 
women in each group) were randomly selected for the study 
and patients with any abnormality of the orbit were excluded. 
GE Centricity PACS software (GE Healthcare, Chicago, IL, 
USA) was used to analyze all CT images. 
To evaluate the size of the orbital floor, we measured its width 
and length. A coronal plane was selected at the level of the lat-
eral orbital rim, and a horizontal line passing through the eth-
moidomaxillary suture was made. The orbital floor width was 
defined as the length of that line as it passed within the orbital 
cavity (Fig. 1). The angle formed by the ethmoid bone’s lamina 
papyracea, the ethmoidomaxillary suture, and the infraorbital 
groove on the same coronal plane was used to determine the 
angular relationship between the medial wall and floor and 
termed the anterior inferomedial angle (Fig. 2). Although the 
orbital floor is a triangular shape with the optic canal as an 
apex, fracture occurs mainly in a large area near the base. 
Therefore, to determine the size of the field actually considered 
during reconstruction, we defined the orbital floor length as the 
distance between the inferior orbital rim and the inferior orbital 
fissure on a sagittal plane bisecting the line of the orbital floor 
width (Fig. 3). 
To analyze the curvature of the orbital floor, some measure-
ments were taken on the sagittal plane passing the lowest point 
of the orbital floor (Fig. 4). The sagittal angle was defined as the 
angle made by the infraorbital rim, the lowest point of the floor, 
and the anterior border of the infraorbital fissure. The ‘floor 
depth’ was the distance between the lowest point of the orbital 
floor and the line connecting the infraorbital rim and the ante-
rior border of the inferior orbital fissure. The “sagittal distance 
from the inferior orbital rim to the lowest point (SDIL)” was 
Fig. 1. Selection of coronal planes on which orbital floor widths and anterior inferomedial angles were measured and definition of the orbital 
floor width. 
Fig. 2. Definition of the anterior inferomedial angle.
Coronal plane on which orbital floor width and 








defined as the distance between the infraorbital rim and the 
lowest point of the orbital floor.
Data were analyzed using the Statistical Package for Social Sci-
ences (SPSS) version 23.0 (IBM Corp., Armonk, NY, USA). In 
each patient, both right and left orbital floors were measured, 
and the average values were used for the analysis. While each 
measurement was similar to a normal distribution according to 
the normality test (Kolmogorov-Smirnov, Shapiro-Wilk test), 
each of the four groups were compared by F-tests of one-way 
analyses of variance (ANOVA) and Scheffe comparison. A post-
hoc ANOVA power analysis to determine if there was sufficient 
sample size to detect a statistical difference was performed using 
G*Power software version 3.1 (Dusseldorf, Germany). T-tests 
for mean difference were used when comparing any two groups. 
Statistical significance was determined as p< 0.05.
RESULTS
Based on sex and race, the 24 patients were divided into four 
groups. There was no statistically significant age difference be-
tween groups. The mean orbital floor width of all the patients 
was 35.48± 1.85 mm, and the orbital floor length was 27.69±  
2.44 mm. The width and length of the orbital floor did not sta-
tistically significantly different between groups, indicating that 
sex or race did not influence the size of the orbital floor (Figs. 5, 
6). The anterior inferomedial angle was the largest among CA 
males (140.6°± 7.0°), followed by CA females (138.1°± 10.5°), 
EA males (132.4°± 8.4°), and EA females (129.3°± 14.2°) (Fig. 
7). However, there was no statistically significant difference be-
tween the groups. The average anterior inferomedial angle of all 
the subjects was 135.1°± 10.7°. 
Fig. 3. Selection of sagittal planes on which orbital floor lengths were measured and definition of the orbital floor length.
Fig. 4. Definition of the sagittal angle, the sagittal distance from the inferior orbital rim to the lowest point (SDIL), and the floor depth mea-
sured on the sagittal plane.
Sagittal plane on which orbital 
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EA females (167.6°± 5.0°) had a statistically significantly wider 
sagittal angle compared with both male groups (EA males: 
146.4°± 8.9°, CA males: 154.6°± 7.7°, p< 0.05). The sagittal an-
gle of CA females (158.3°± 3.3°) showed statistically significantly 
wider than EA (p= 0.045) (Fig. 8). The average value of the SDIL 
was 5.80± 1.14 mm, and the mean floor depth was 3.10± 1.31 
mm. The SDIL did not statistically significantly different be-
tween groups (Fig. 9). Floor depths were similar across the three 
groups (Asian males: 3.60 ± 1.35 mm; CA males: 3.97 ± 8.93 
mm; CA females: 3.10± 7.40 mm). However, EA females had 
significantly smaller floor depth compared with the other 
groups (1.45 ± 4.71 mm, p < 0.05) (Fig. 10). Post-hoc power 
analysis for sagittal angle and floor depth demonstrated that the 
sample size was sufficient to determine statistical differences.
To find factors contributing to the sagittal angle and the floor 



















































































Fig. 5. Sex-related and racial variation in the orbital floor width. Fig. 8. Effect of sex and race on the sagittal angle.
Fig. 9. Effect of sex and race on the sagittal distance from the inferior 
orbital rim to the lowest point (SDIL). 
Fig. 10. Effect of sex and race on the floor depth.
Fig. 6. Sex-related and racial variation in the orbital floor length.
Fig. 7. Sex-related and racial variation in the anterior inferomedial 
angle.
Asian male Asian male
Asian male
Asian male
























lyzed. There was no significant difference in sagittal angle be-
tween EA and CA (EA: 157.0° ± 13.0°, CA: 156.4° ± 6.0°, p =  
0.889), but sagittal angle of the female participants showed sta-
tistically significantly wider than the males (male: 150.5°± 9.0°, 
female: 162.9°± 6.3°, p= 0.001). Floor depths were statistically 
significantly smaller in the EA population than in the CA pop-
ulation (EA: 25.2 ± 14.7 mm, CA: 36.7 ± 8.4 mm, p = 0.028). 
Floor depths also showed a statistically significant difference 
between the males and the females (male: 37.8± 11.1 mm, fe-
male: 24.1± 11.7 mm, p= 0.007).
DISCUSSION
The orbital floor is the most common isolated orbital bone 
fracture site in head trauma cases, and zygomaticomaxillary 
fractures often accompany fractures in the orbital floor [3,9]. 
However, the complex 3D structure of the orbital cavity and the 
narrow operating field render it difficult to repair orbital wall 
defects accurately. Incorrect reconstruction can lead to diplopia, 
a limit of motion of eye movement, enophthalmos, or exoph-
thalmos. However, advances in technologies such as virtual 
planning and 3D printing have led to the development of more 
accurate and innovative orbital wall reconstruction techniques. 
For example, orbital floor reconstruction using virtual recon-
struction software and 3D printed facial bone model showed 
effective and satisfactory results [5,10]. Maxillofacial, otorhino-
laryngological, and plastic surgeons had successfully worked 
with other modeling methods such as the computer-assisted 
navigation systems where the mirror image of the intact contra-
lateral orbit is employed to reconstruct the orbital floor [11]. 
However, while these new techniques offer great clinical prom-
ise, they are not commonly available at all institutions due to 
their cost and manufacturing time issues. Given the limitations 
mentioned, a surgeon’s understanding and experience with 
normal orbital floor anatomy are essential for successful recon-
struction. Some previous studies about orbital anatomy showed 
that the morphology of the orbit is heterogeneous and is poten-
tially affected by sex, race, and age [12,13]. In this study, we fo-
cused on analyzing anatomical variations by sex and race of the 
orbital floor in EA and CA populations. 
Although the orbital floor is the single most fractured site 
among orbital walls, blow-out fractures involving both the me-
dial wall and the orbital floor are also common [3,14]. For re-
constructing the medial and inferior walls together, angular re-
lationships between the two walls are critical factors. Analysis 
of the Anterior inferomedial angle demonstrated that the orbit-
al floor and medial wall met at an average angle of about 135°, 
regardless of race or sex. This finding could be useful when re-
constructing orbital floor and medial wall together.
The mean sagittal angle, which is related with a curvature of 
an orbital floor in sagittal direction, was 156.7°. Notably, we 
found that the sagittal angle was significantly higher in EA fe-
males, indicating that their orbital floors were flatter than other 
populations. This finding suggests that surgeons who are plan-
ning to reconstruct an orbital floor should give attention espe-
cially to the variation of the curvature. Unlike the comparison 
between the two sex groups, the sagittal angle did not show a 
statistically significant difference between the two racial groups. 
Furthermore, the floor depth showed a greater difference be-
tween men and women than between the races. This finding 
means that orbital floor anatomy was more affected by sex than 
by race. 
Research on orbital floor anatomy by Nagasao et al. [12] (in-
cluding 182 patients at Keio University Hospital) revealed that 
the location of the lowest point moves postero-inferiorly with 
increasing age, with no significant difference between male and 
female participants. However, in our study, there were statisti-
cally significant differences in some measurements between the 
males and the females, and we did not analyze age factor be-
cause of the small sample size. For further and accurate analysis 
of factors contributing to orbital floor anatomy, increasing the 
sample size across multiple ages will be needed in the future 
study.
To the best of our knowledge, this is the first study investigat-
ing the racial and sex-related variation of orbital floor in the CA 
and EA populations. The length and width of the orbital floor 
and relationship between the medial and inferior walls were 
similar regardless of sex or race. However, orbital floor curva-
ture in the sagittal direction differed significantly between 
groups and was almost flat in EA females. This quantitative 
analysis of the 3D shape of the orbital floor could be helpful for 
a successful reconstruction of an orbital floor. 
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